Composting pine bark alone and with additives is an interesting alternative to recycling waste as compost. Our study was focused on the exploration of various sulphur fractions (total, plant available, easily mineralisable organic and residual) in four composts during a progressive composting process. Composts used for the study were prepared using Scots pine (Pinus silvestris L.) bark and chopped green plant material (GPM, i.e., a mixture of green parts of buckwheat (Fagopylum esculentum L.), peas (Pisum sativum L.), serradela (Ornithopus perpusillus L.) and vetch (Vicia sativa L.) harvested before flowering). They were prepared according to the scheme: C1 -pine bark, C2 -pine bark mixed with urea (a dose of urea equivalent to 1kg N per 1 m 3 of pine bark), C3 -pine bark mixed with GPM (0.5 Mg of GPM per 1 m 3 of pine bark) and C4 -pine bark mixed with GPM (3.5 Mg of GPM per 1 m 3 of pine bark). The composting process lasted 203 days and comprised 6 stages. It was found that compost prepared from pine bark and green plant material (C4) contained the highest amounts of sulphur and their changes were significant during the composting process. Although it is not routinely applied in such studies, the use of PCA to summarize the influence of composts and stages was found to be a valuable tool. The PCA data proved that with regard to the plant-available sulphur and easily mineralisable organic sulphur, the composting process could be shortened to 80 days with no deterioration of compost quality. Total and residual sulphur contents showed a similar pattern. The amounts of sulphur extracted with CH 3 COOH and KCl as well as and their changes observed during the composting process were comparable. However, the solution of KCl may be considered as a more sensitive extractor of sulphur in composts.
Introduction
Barks are a class of wood wastes obtained as a material removed by stem debarking in pulp mills. Over 95% total volume of wood wastes is profitably recycled. Most wood wastes are utilized for energy generation purposes. Unfortunately, bark has a low energetic value (21 MJ/kg) and it is not a very attractive material for the wood industry [1] . At the same time, the deposition of this kind of wood waste at landfills is uneconomic and is illegal under current Polish regulations. In general, bark differs from wood by a lower percentage of sugars, of which glucose is the most abundant, followed by mannose and xylose. Moreover it is rich in phenolic compounds, particularly in condensed tannins, which are polyphenols present in a majority of plants [2] . Thanks to its chemical composition, bark could be used in a variety of fields from pharmaceutical and bioactive compounds to green polymers and biobased materials as indicated by Miranda et al. [3] . Unfortunately, the concentration of these compounds can negatively influence plant vegetation when raw bark is used as a fertiliser. For this reason composting of bark is recommended before its application.
Composting is a biological degradation and transformation of organic materials under controlled conditions. Composting has been presented as an environmentally friendly alternative applied to manage and recycle organic waste with the aim to produce products used as amendments in agriculture [4] . During this process, organic matter is stabilised by aerobic decomposition based on microbiological activity, and the main products of its transformation include completely mineralised compounds such as CO 2 , NH 4 , H 2 O, and humified organic matter. Composts are valuable sources of nutrients and organic matter, which is of significant importance in agricultural and horticultural production. Organic fertilization is a method of substituting inorganic fertilizers and improving general soil fertility, and as such it is essential for maintaining soil macronutrients at appropriate levels [5] [6] [7] . However, pine bark contains sparingly mineralizable compounds such as lignin (approx. 33%) and cellulose (approx. 25%), which are decomposed by fungal enzymes. Due to the slow rate of the process, Scots pine bark (Pinus silvetrirs L.) is rarely used as a component to prepare composts [3] . Cellulose is a bioorganic molecule with a long linear chain polymer of several monomeric D-glucose units linked by 1,4-glycosidic bonds. It is the most abundant renewable and biodegradable polymer [8] . In turn, lignin, which is aromatic in nature, creates humic acids, essential for humic substances of soil organic matter. Xiong et al. [9] found that ligneous agents may promote the formation of humic acids and reduce fulvic acids during the composting process. Additionally, oxidized lignin always constitutes the core of humic structures. It should be underlined that organic S associated with complex compounds such as lignin may be converted directly into soil organic S and simultaneously can promote the production of soil organic matter. For this reason the presence of lignin in the composting mixture is highly desirable, because it enhances compost quality. Consequently, increased soil fertility and improved soil humus quality should be considerable after compost incorporation into the soil.
In view of the above, composts prepared on the basis of pine bark should be a valuable product owing to its high organic matter content and availability of essential plant nutrients. The pine bark compost is also characterized by a high buffer and sorption capacity. Because of these advantages, compost should be proposed as a soil conditioner/fertiliser -especially in the case of very light and light soils. The application of pine bark compost to these soils improves their properties, e.g., it enhances contents of organic matter, available nutrients, buffer and sorption properties, structure and water-air conditions. In relation to this, a considerable role of pine bark compost in forest nursery culture, agriculture and horticulture needs to be underlined [10] . Also, compost based on pine bark and plant material should be assessed in a similar manner. Unfortunately, pine bark is a relatively dry material, low in nitrogen content, so to increase the composting effectiveness it must be mixed with some material with high moisture and nitrogen contents. Legume plants, e.g., buckwheat (Fagopylum esculentum L.), peas (Pisum sativum L.), serradela (Ornithopus perpusillus L.) and vetch (Vicia sativa L.), are well known as highly abundant in nitrogen and moisture. Their direct application to arable soil as green manure is a popular management practice, but composting as a co-substrate rich in nitrogen and moisture is also widely used. It needs to be remembered that composting of green plants alone makes it difficult to maintain proper conditions and ensure the optimal rate of the process. Thus, they need to be mixed with dry materials low in nitrogen content, i.e., bark, to achieve the right C:N ratio values, mixture structure, and water-air conditions, in this way ensuring proper composting conditions.
Nowadays the increasingly frequent application of high concentration fertilizers with low S content as well as less common use of S-containing pesticides result in widespread S deficiency in Europe. Such a situation is unfavorable because some crops such as oilseed rape, wheat, legumes or sugar beet have high requirements for S nutrition [11] . S deficiency can influence low-quality yields. Sulphur is an essential nutrient for all plants and animals. Many compounds that contain S have metabolic, structural and regulatory functions and they are ubiquitous [12] . Therefore, S is often referred to as the fourth major nutrient for agricultural crops following N, P and K. Generally, in the environment S is found in organic and inorganic forms, and the latter plays a fundamental role in plant nutrition. For plant nutrition water-soluble S and adsorbed S constitute an effective S fraction and significantly influence plant uptake of S [13] . Especially under oxidizing conditions, sulphate ions (SO 4 2-) can move easily within the soil solution and in this form they are taken up by plants [14] .
According to our current knowledge, no information is available on various S fractions in composts prepared from pine bark and sulphur quantitative changes during the composting process. One can suspect that similarly as in all organic materials, also in compost the organic S is the dominant fraction. Organic S is a heterogeneous mixture and it can be distinguished by C-bond-S (C-S) and ester sulphate (C-O-S) [15] . It is a very important source of this nutrient, as it can serve as a huge reserve resource and an easily mineralizable labile pool that plays the role of available S for plants. Large amounts of S present in plant and animal residues are rapidly released as sulphate sulphur, favorable for higher plants and microorganisms that utilize inorganic sulphur in its highest oxidation state SO 4 2-as the main source for the biosynthetic pathways of sulphur compounds. Their mutual relationship and the rate of transformation during the composting process remains an open issue. It is generally known that sulphur undergoes redox transformations [12] . The oxidation state of S ranges from -2 to +6. Therefore, it is thought that a wide range of oxidation and reduction reactions take place during the composting process, and various S fractions could be accordingly converted. One can assume that during the mineralization process a part of organic S should be turned into sulphate sulphur, because conditions present during the composting process could promote it.
Potential changes in the concentration of available S during the composting process can directly reflect the nutrition supply capacity with compost application in soil. This is essential, especially when we take into account the practical use of pine bark co-composted with plant material as an interesting alternative for agriculture, horticulture and forestry. Prepared compost can play the role of fertilizer or mulch and thus different sulphur fractions should be assessed. Therefore, to evaluate the ability of a specific compost to supply S, compost S in the SO 4 form and in the organic forms that can be converted readily to the SO 4 form must be determined. Such forms include SO 4 in solution, adsorbed SO 4 , and a significant proportion of organic S.
Undertaken studies showed qualitative changes of sulphur forms during each phase of pine bark and plant material composting. A dynamic system of the experiment allows us to measure the differences in S amounts not only between particular phases for one compost, but also for the others. Since an abundant body of data was obtained, principal component analysis (PCA) is a method of choice to interpret actual changes in the contents and forms of nutrients during the composting process. PCA provides comprehensive information, summarizing it for several main components [16] .
Material and Methods

Composting Process, Materials and Sampling
The objective of the investigations was achieved using compost samples at different stages of composting from the experiment carried out as four composting trials. Compost piles were prepared as a static triangular-shaped profile with approximate dimensions of 5 x 1.5 x 2m (length x height x width) providing a volume of approximately 8 m Table 1 . Before the formation of the compost piles all organic materials were thoroughly mixed. Using a specialised Backhus compost mixing machine the piles were mixed weekly during the first month to ensure adequate aeration conditions, and then at monthly intervals. Moisture content in the piles was adjusted by adding the amount of water required to obtain the values of 60-70% of dry matter (water was applied as needed to maintain the respective moisture level). The experiment was carried out outdoors. The temperature was measured daily (Fig. 1) . Changes in temperature related to microbiological activity and organic matter transformations are described as particular composting phases defining the dates of sample collection. Thus samples representing the successive stages of the composting process: S1 (initial after day 1), S2 (early active period after day 7), S3 (thermophilic after day 21), S4 (mesophilic after day 44), S5 (cooling, the end the active period after day 80) and S6 (maturing after day 203) were selected for analyses. Samples were collected at six random locations in each pile for each stage. These six samples were mixed to provide one bulk sample and then divided into three subsamples (replications). The collected samples during the successive composting periods were dried at 105º for 12 h (with the temperature increasing slowly to avoid sulphur losses as gaseous forms). Samples were ground into a fine powder, sieved (<1 mm) and stored in plastic bags at 4ºC. Then the treated samples were used to analyze various S fractions containing total S, readily plant available S and easily mineralizable organic S. In addition, the content of organic matter as well as the amounts of macro-and micronutrients in composts were analysed; some of these results have already been published in previous papers [17] [18] , while the rest will soon be published.
Analytical Procedures
Total S, readily plant-available S and easily mineralizable organic S were determined in composts using standard techniques commonly applied in soil and plant analytics. Total S (Stot) concentration was determined by acid oxidation with HNO 3 and incrimination at 550ºC, followed by turbidimetry at a wavelength of 490 nm to determine sulphate contents in the digests [19] . Readily plant-available S (SSO 4 ) was extracted using 5 g of a compost sample shaken with 50 cm 3 2% CH 3 COOH for 1 h [20] . Readily mineralizable organic S, adsorbed sulphate and sulphate in the soil solution were recorded after 3 hours of heating 3 g of a compost sample with 30 cm 3 0.25 M KCl at 40ºC (The KCl-40 test) [21] [22] . For cut-off, the last fraction of sulphur was named SKCl. The sulphur fractions extracted by the above-mentioned methods were determined by turbidimetry based on precipitation of barium sulphate and spectophotometric measurement at the wavelength of 495 nm. Residual S (Sres) was calculated from the difference between Stot and the sum of SSO 4 and SKCl.
Statistical Analysis
According to the character of the experiment, we studied each S fraction separately and we denoted them as k ∈ {Stot, Stres, SSO4, SKC1}. The statistical analysis was conducted on the linear model with interaction y k ijs 
. In order to verify whether the experimental factors (composts and stages) had a significant effect on the mean value of the studied parameters, the null hypothesis concerned compost mixtures
, considered against the alternative with at least one mean distinct. Moreover, the null hypothesis concerned terms H 0 : τ
, and it could be verified against the alternative with at least one mean distinct; for this reason we checked if all interactions between composts and stages are equal:
. In order to verify if there are significant differences of mean levels of studied parameters between the composts we used the standard F test [23] [24] . Moreover, to clarify the specific relationships between composts and stages we applied PCA. To provide this method the set of observations are determined as the ς th element of the i th eigenvector of the covariance matrix for original variables X i . New variables preserve relatively a great part of the information contained in the original data. The relevancy of principal components was examined using a scree graph, with the point from which the graph is significantly flattened, indicating the number of optimal components. A detailed description of this method is found in [25] [26] [27] [28] . In our study we assumed α = 0.05. STATISTICA 9.0 software was used for statistical analysis.
Results
Total Sulphur
Regardless of the composting mixture, a significant increase in total S content was observed as shown in Fig. 2 . At the beginning of the process, total S contents were comparable for composts and ranged from 924.75 mg•kg -1 (C2) to 1096.95 mg kg -1 (C4). Longtime composting of pine bark alone or with additions influenced an increase in total S. In other words, in mature composts total S amounts were by 27% (C1), 28% (C4), 33% (C3) and 34% (C2) higher. However, the dynamic trend for changes in nutrient levels during the composting process was different. The mutual transformation took place during the first 21 days of composting in C1 and C2 (Fig. 2) ; moreover, the Stot amount increased progressively in the early period of composting (days 0-21), but started to decrease after 21 days. At day 21 the total nutrient content reached the highest value in the whole composting process. In the case of C3 and C4 a successive increment of total S was observed. For C3 the highest content of that element was recorded at the end of the composting process (day 203) and for C4 at day 80 (Fig. 2) . Regardless of the stages, the content of Stot in C1 (1215.3 mg kg -1 ) differed considerably from that in C4 (1278.7 mg kg -1 ). Additionally, the content of Stot in C2 (1139.4 mg kg -1 ) was lower than in all the other composts (Tables 2-3, Fig. 3 ).
It is worth noting that the relevance of the interaction between the experimental factors ( Table 2) was observed across the changes in Stot contents in S3 and S4 during the composting process, especially in the final compost stages (S4-S6). Overall, the greatest increase in Stot contents in C3 and C4 was observed during the maturation phase (S6) (Fig. 4) . In turn, changes accompanying the incubation of C1 and C2 had no significant effect on Stot contents. They were comparable starting from the end of thermophilic phase (S3) ( Table 2, Figs 2, 4) .
PCA was applied to identify the compost with the greatest changes in Stot contents and to show the relationships between the composting stages and the type of compost (Fig. 5, Table 3 ). In our study the subset of principal components was selected based on the scree graphs. It can be seen that the first principal component explains 80.80% of the total variability in Stot content in the composts during the composting process. Additionally, the second principal component explains 15.72% of the total variability in Stot contents in compost during the composting process. The compositions of mixtures 2 and 4 resulted in the greatest variability in the general form of the element in comparison to the other two composts (Fig. 4) . Furthermore, PCA indicates comparable trends in quantitative Stot changes in compost Nos. 3 and 4, and likewise in 1 and 2 (Fig. 5) .
Residual Sulphur
No pattern of quantitative changes analogous to the transformations described for total S was observed for residual S. Irrespective of the composting mixture, a significant increase in Sres was found at the end of the composting process. In comparison to data obtained for initial compost samples, the final results were 1.5-to 2.5-fold higher (Fig. 2) the composting mixture, the content of Sres in S1 and S2 differed from that of residual S in the other stages (Fig. 4) . Additionally, the mean content of residual S recorded in the S3 material differed significantly from residual S levels in the samples representing S5 and S6. The Sres content increased steadily until the thermophilic stage, while afterward it remained constant (Figs 2,4) . In the case of residual S no significant interaction was observed between the experimental factors. The results given in Table 2 and Fig. 3 ) and the other composts were slight, with the highest level found in C4 (Table 2, Fig. 3 ). PCA confirmed the greatest variety in Sres content in C3 and C4 during S4-S6 (Fig. 5) .
The trend for changes in residual S contents in all the composts during the composting process is indicated by the first principal component and it was similar for all the composted mixtures. The first principal component explains 84.81% of the total variability in the content of residual S during the composting process, with the greatest effect in C1 and C4. The second principal component explains 14.19% of the total variability in the content of residual S during the composting process with the greatest effect of C2 and C3 (Fig. 5, Table 3 ). Generally, quantitative changes in the respective form of this nutrient in C1 and C2 were comparable, with the highest increase observed during the maturation stage (S6) (Fig. 5, Table 2 ). The greatest changes in Sres content in C3 and C4 were observed during stages 4-6 (Fig. 5) .
Readily Available Sulphur
Changes in SSO 4 contents in composts during the composting process varied and they were dependent on the composting mixture. At the beginning of the process the amounts of SSO 4 were comparable for composts and ranged from 313.52 mg•kg -1 (C2) to 364.33 mg kg -1 (C1). The long-time composting process of pine bark alone or with added urea resulted in a decrease of sulphate sulphur levels by 16 and 20% for C1 and C2, respectively. Only mature compost No. 3 was characterized by a 15% higher amount of this nutrient (Fig. 2) . All mean contents of SSO 4 in the composting mixtures vary independently from the stage. A similar content of SSO 4 was recorded in C1 (329.23 mg kg -1 ) and in C4 (326.36 mg kg -1 ) (Fig. 3) . On average for all the stages the smallest SSO 4 ). Furthermore, SSO 4 content in compost 2 was lower than the mean content of this nutrient in all the mixtures (Fig. 3) . The interaction between the experimental factors influenced quantitative changes in the analyzed nutrient form, although the mean amounts of SSO 4 in the composts did not differ significantly (Table 2 ). It is confirmed by the data presented in Fig. 2 showing a considerable reduction in SSO 4 content in C2 during stages 2 and 6 and in C1 during stage 3. At the same time, the amounts of sulphate sulphur in C3 and C4 did not change and were stable during the cooling stage. The PCA results (Fig. 5, Table 3 ) indicate that the first principal component explains 52.56% of the total variability in SSO 4 content in composts during the composting process. The SSO 4 content in C1 and C3 effected the greatest changes in SSO 4 content variability. The second principal component explains 31.19% of the total variability in SSO 4 content in composts during the composting process. The SSO 4 content in C2 has the greatest effect on its value (Table 3) . It is worth noting that the greatest changes in SSO 4 content were observed in C1 and C2 during the thermophilic stage (the greatest increase), whereas the greatest increase in SSO 4 in C4 was recorded at the cooling stage and in C3 at the mesophilic stage (Fig. 5) . Generally speaking, the analysis of variance showed no significant changes in SSO 4 contents in the subsequent stages for all the composted mixtures, see Table 2 . The compost x stage interaction is a factor, which indicates that stage 6 has no significant effect on SSO 4 contents in any of the composted mixtures. Taking into account the above and PCA, we suggest it is advisable to shorten the composting process (Figs 3-5 ).
Readily Mineralizable Organic Sulphur
The pattern of quantitative changes observed for SKCl was similar to that described for SSO 4 . At the beginning of the process the amounts of sulphur were comparable in all the composts and ranged from 369.48 mg•kg -1 (C3) to 383.43 mg kg -1 (C4). The level of readily mineralizable organic S extracted by KCl increased gradually at the early period of the composting process (day 21), to decrease after day 21. The highest SKCl content (443.50 mg kg -1 for C1 and 402.34 mg kg -1 for C2) in the whole composting process was recorded at day 21. The differences between SKCl contents in samples representing various process stages were validated by the analysis of variance ( Table 2 ). The SKCl content recorded in the material collected from the beginning of the composting process differed significantly from that determined at the end of the process (S3, S4, S5) (Fig. 4) . At the same time, no such differences between SKCl contents were observed in compost samples representing composting stages 5 and 6. The lowest increase was found in mature compost and in relation to the amounts at the beginning of the composting process these values were lower by 5% (C1) and 6% (C2) (Fig. 2) . In turn, a reverse tendency was observed for mature composts Nos. 3 and 4, characterised by 24% and 14% higher amounts of that nutrient, respectively (Fig. 2) . The long-time composting process of pine bark with GPM resulted in a gradual increase in readily mineralizable organic sulphur in those composts. In the case of SKCl, changes in the content of this nutrient are related to the variable composition of the composted mixtures and the transformations taking place during the composting process ( Table 2) . Regardless of the composting stage, the mean content of readily mineralizable organic S in C2 (366.79 mg kg -1 ) was markedly lower than the mean content of SKCl in the other composts (Table 2, Fig. 3) . Moreover, mean contents of SKCl in the other composts were comparable, while the biggest value was observed in C3 (412.44 mg kg -1 ). The presented PCA shows that the first principal component explains 54.84% of the total variability in SKCl content in composts during the composting process, whereas the second principal component explains 29.13% of the total variability in SKCl levels in composts during the composting process (Fig. 5) . The effect of SKCl content on the value of the first principal component was greatest in C4, followed by C3, Table 3 . The value of the second principal component was determined by the content of SKCl in composts 2 and 1 (Table 3) . It is worth emphasizing that the trend for quantitative changes in SKCl was similar in composts Nos. 3 and 4 and the transformations during the maturation stage had no effect on SKCl content in all the composts (Figs 3-5) . The most significant changes in SKCl were observed in C3 and C4 in stage 5 (Fig. 5) ), nutrient content remained stable in all the composts. The early stages of the composting process (S1-S3) had the greatest effect on the increase in SKCl contents in C1. The biggest increment in the amount of readily mineralizable organic S was observed in C2 during the mesophilic stage (Figs 3, 5 ).
Discussion
Apart from N and P, S in plant nutrition is increasingly important in agricultural production systems due to the decreasing atmospheric inputs and the reduced addition of S within high analysis P fertilizers [11, 29] . As a result of the generally acknowledged loss of organic matter in agriculturally utilized soils, we have observed a decrease in S concentration, which has an adverse impacting on soil fertility [30] . Thus compost application is an attractive solution preventing such an unfavorable phenomenon. Universally, the agricultural quality of composts prepared by mixing various types of organic waste is evaluated by measuring a limited number of parameters such as the amounts of available nutrients (mainly N, P, K). Also, compost prepared from pine bark and plant material should be similarly analyzed in order to assessment its quality, including available sulphur.
The various S fractions (total, readily plant available, readily mineralizable organic and residual representing mainly stable organic S compounds) were assessed in composts of varying composition, but their quantitative changes were similar. Namely, contents of Stot and Sres were characterised by a comparable pattern of changes, and likewise the amounts of SSO 4 and SKCl underwent similar changes. Both biological and biochemical processes proceeding in composting mixtures from the thermophilic until the cooling stage exerted a significant effect on SSO 4 and SKCl. So taking into account the quantity of prepared composts as a source of available sulphur for plants, a potential shortening of the composting process to 80 days should be considered. The highest changes in Stot and Sres amounts were recorded during the period from stages 4 to 6. The observed variations in sulphur amounts should be attributed primarily to microbiological transformations during sequential stages of composting. The high temperature during the thermophilic phase at high microbial activity and growth caused a rapid mineralization of simple organic compounds into simple inorganic sulphur compounds such as H 2 S, CH 3 SH, and SO 2 [31] . On the other hand, we can take under consideration another very important process, which simultaneously proceeds during composting: humification [32] . Humification is usually enhanced at the end of the composting process during the cooling and maturation phases and leads to the incorporation of simple S compounds (inorganic and organic) into more stable complexes. For this reason, humification plays a significant role in reducing sulphate sulphur amounts instead of increasing the sparingly extractable S fraction. Therefore, these results should be interpreted taking into account the contribution of the natural biogeochemical sulphur cycle. This is based on the finding that, after an initial rapid increase in sulphate sulphur amounts, especially extracted with KCl in the thermophilic stage, a rapid degradation of these S fractions was noticed, followed by stabilisation at the end of the composting process. Simultaneously, the amounts of Sres systematically increased from the mesophilic stage until maturation. According to a study by Czekała [17] [18] , during the composting process of pine bark the changes in organic carbon are observed at a reduction of compost mass and carbon levels. Taking into consideration these results, we can state that the amounts of Stot increased in all the composts due to the concentration effect caused by the strong degradation of the labile organic carbon compounds, which reduced the weight of the composted mass.
There are plenty of single extraction procedures used to extract available forms of S [22, 33] . They vary in the mode of action and strength of extraction as well as application (for soil or plants). In this study, two methods commonly used in Poland were adapted for compost analysis. The main assumption of the selected methods is that the extraction process should be inexpensive, easy to use, non-toxic to the environment, and show a good correlation between the content of the extracted nutrients in compost and its concentration in plant tissues. Definitely the CH 3 COOH method meets these requirements, and sulphur extracted with this solution is recognised as readily plant available S (water-soluble and adsorbed SO 4 
2-
). The procedure with KCl (the KCl-40 test) described in [22] is more time-consuming, but the extractor is more environmentally friendly and it can extract a bigger pool of nutrients: readily mineralizable organic S with water-soluble and adsorbed SO 4 2-, and as a result it shows a higher correlation with plant response [21, 29] . Despite these obvious differences between the used single extractors, the contents of SSO 4 and SKCl underwent similar changes during the composting process of pine bark -both alone and with different additions. However, in the case of SKCl the analysis of variance showed a significant difference between S contents determined in the material representing the 2 nd and 3 rd stages of composting. Furthermore, Blair et al. [21] stated that the ideal S test can measure the sulphate in solution, estimate the adsorbed sulphate which is available for plant uptake, and also estimate that portion of the actively organic sulphur component in the soil that will become available to the plants. Taking into account the above statement as well as the obtained results, it may be stated here that the KCl solution is of greater value for the practical purpose of compost analysis.
From the agricultural point of view an essential question is related to the composition of composted mixtures. Among the analyzed composts, mixture No. 4 was markedly distinguished. The composted pine bark with a higher dose of plant material showed the greatest contents of all sulphur fractions and simultaneously during the composting process they underwent distinct changes. These results should be attributed to the amount of residual S, a fraction that is directly derived from plant tissues, where S is bound in the S-containing amino acids cysteine, cysteine and methionine.
The authors realize that the presented results need to be confirmed by a further field experiment. Soil amendment using composts analyzed in this study with the cultivation of test plants may verify presented findings while providing an excellent opportunity for further analyses of the effect of composts on soil properties and plant quality.
Conclusions
The comparison of ANOVA and PCA provides better insight and interpretation of relations between various S contents in different composts. The PCA results indicated that the process of composting pine bark alone and with additives could be shortened to 80 days without a deterioration of compost quality. Moreover, the composition of compost No. 4 was the most abundant in sulphur and valuable for agriculture, horticulture and forestry purposes.
The directions of quantitative changes in SSO 4 and SKCl in the analyzed composts during the composting process were similar; likewise, the Stot and Sres amounts showed a comparable variation. Despite similar advantages of the applied single extraction procedures, the method with the KCl solution seems to be more suitable for compost analysis, as it provides a precise verification of sulphur availability in compost.
